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The distribution of phospholipids in normal
and psoriatic human epidermis and in mouse-
tail epidermis has been previously described (1,
2, 3). In psoriatic skin and in mouse-tail scale
epidermis, phospholipids are found in the horny
layer (Fig. 1A), whereas in normal human
epidermis and mouse-tail follicular epidermis
they are present in the transitional zone but
are not found in the horny layer (Fig. 1B).
The transitional zone is the upper region of the
epidermis Where the cells are being transformed
into the horny layer; in normal skin this zone
is, therefore, synonymous With the granular
layer.
Phospholipids in the Transitional Zone
The appearance of reactive phospholipids in
the transitional zone is explicable on the basis
that they are derived from unreactive phos-
pholipoprotein complexes forming cytoplasmic
structural elements Within the epidermal cells.
Numerous enzymes have been detected in the
transitional zone (1, 2, 4, 5, 6). Most of these
can be readily classed as hydrolytic, and of the
lysosomal type, as for example acid phosphatase,
non-specific esterase, ribonuclease, and desoxy-
ribonuclease. These enzymes are released When
the epidermal cells reach the level of the
transitional zone (6, 7). This enzymatic ac-
tivity could break down the protein moiety of
the structural phospholipoprotein, and this
would have the effect of exposing active phos-
pholipid groups which could then react with the
histochemical agents used for their detection.
Also other cytoplasmic material that had not
been bonded by disulfide groupings would be
broken down by the proteolytic enzyme. The
disulfide linkages of keratin protect it against
the action of enzymes, and thus any material
within the keratinizing epidermal cell which
is not stabilized in this manner will be removed
by the hydrolytic enzymes.
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From our earlier work it would appear that
as a cell of the transitional zone moves up-
wards its peripheral cytoplasm becomes kera-
tinized as indicated by the appearance of
disulfide bonds at the periphery of the cell
(8, 9) . The peripheral oxidation of the sulfhydryl
groups to disulfide may be due to a greater
oxygen concentration in this region of the cell.
The actual formation of disulfide linkages is an
exothermic process and proceeds spontaneously
in the presence of oxygen and catalysts such
as magnesium (10). At this time the interior of
the cell undergoes enzymatic lysis of the non-
keratinized material.
It appears to us that the principle factor that
determines the type of keratin produced by the
epidermis is the degree of hydrolysis occurring in
the transitional zone. In regions of the body
where there is a rapid cytoplasmic dissolution the
transitional zone is thin, and coarse granules
appear in the cytoplasm (granular layer). The
horny layer produced in these regions is of a
basket-weave nature as it is only the peripheries
of the cells that finally reach the keratin layer.
In plantar and palmar skin the transitional zone
is thicker but the granules are smaller, and the
degree of cellular autolysis is very much less.
Only the nucleus is removed and most of the
cell cytoplasm becomes involved in the process
of keratinization. Mouse tail scale keratin and
human psoriatic keratin are produced without
a granular layer and thus most of the cell
contents including the nucleus are retained in
the horny layer.
The presence or absence of phospholipid in
the horny layer may be taken as an index of
the degree of transitional zone autolysis. When
this is rapid and effective then phospholipids
are not present in the keratin. In mouse tail
scale and psoriatic keratin there is little, or no,
hydrolytic activity, and both these keratins give
strongly positive reactions for phospholipids.
Plantar and palmar keratin occupy an inter-
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FIG. 1. A. Showing the relationship between the demonstrable phospholipid content of the keratin
in the horny layer, the transitional zone, and the epidermis in psoriatic skin. B. Showing the relation-
ship between the demonstrable phospholipid content of the keratin in the horny layer, the transitional
zone, and the epidermis in normal skin.
mediate position in that a certain degree of
hydrolytic activity is present in the transitional
zone, but the phospholipids are not entirely
removed and some are carried up into the
keratin layer where they give a reaction with
the acid hernatin method of Baker.
Demonstration of Phospholipids
It is most unfortunate that the only histo-
chemical method for the demonstration of
phospholiids (11, 12), is not entirely satis-
factory. This technic depends on the empirical
finding that only phospholipids and a few other
substances, such as nucleoprotein, react with
dichromate to form an insoluble complex. This
complex gives a blue-black lake with acid
hernatin which is not removed by borax
ferricyanide. The chemistry of the reaction,
however, is obscure (12, 13). In the present
investigation the blue-black material was con-
sidered to be phospholipid as digestion with both
ribonuclease and desoxyribonuclease had failed
to remove the material. As the most likely sub-
stances to cause confusion in this region were
nucleoproteins, we consider it reasonable to
attribute the blue staining to the presence of
phospholipids.
Aims of the Investigation
There were two major objectives of the
present investigation. First, to determine the
nature of the bonds by which phospholipids
are held in the granular and horny layers.
Secondly, since no phospholipase has been de-
scribed in the transitional zone we searched
for a granular layer enzyme capable of remov-
ing phospholipids from the cell during kera-
tinization.
EXPERIMENTAL STUDIES
Nature of Phospholipid Binding
Extraction studies
Fresh cryostat frozen sections of mouse tail,
normal, and psoriatic human epidermis em-
bedded in mouse liver were used in this series
of experiments. Pairs of sequential sections were
treated by the following methods and examined
for the phospholipid distribution.
Fixation followed by staining for phospho-
lipid—Four sequential sections were used in
each group. Two were fixed in 70% ethanol as
in the modified Baker method suggested by
Jarrett et al. (2), and two were fixed in formal-
calcium as suggested by Baker (11) in his original
method. After fixation all four sections were
stained by the modified Baker's technic.
No differences were seen in the distribution
of phospholipid after these two methods of fixa-
tion, but the blue-black staining was rather
darker in the calcium-formal fixed sections. These
cryostat sections only differed from previously
examined paraffin-embedded and processed ma-
terial in that they contained phospholipid in the
keratin of the follicular region of mouse-tail epi-
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dermis which was believed to be due to absorbed
sebum from the sebaceous glands.
Fixation followed by pyridine exiTaction.—
A group of four sections fixed as mentioned above
were treated with pyridine at 600 C. for 24 hours
to remove phospholipids as suggested by Baker(12) and Pearse (14), and subsequently stained
for phospholipid by the modified Baker's method
(2). However, this simple pyridine extraction of
fixed tissue had no effect on the phospholipid
material in sections fixed in either alcohol or
formal-calcium.
Fixation followed by extraction with absolute
ethanol—It was suggested by Dawson (15) that
certain phospholipids are released from tissues
after treatment with absolute ethanol. We there-
fore treated another group of previously fixed
sections with absolute ethanol at room tempera-
ture for five hours. The sections were then stained
for phospholipids as before.
Following this extraction the phospholipid as-
sociated with the follicular region (which is
thought to be sebum phospholipid) was partly
removed from the formal fixed sections but not
from those fixed in 70% ethanol. No change was
detected in the phospholipid content of either
the granular layer or the tail scale keratin.
Fixation followed by combined extraction with
diethyl ether and absolute ethanol—A further
group of sections was extracted with diethyl ether
at room temperature for 24 hours following previ-
ous extraction by absolute ethanol for five hours
at room temperature. This combined treatment
completely removed the sebum phospholipid from
the follicular region in sections fixed in formal-
calcium, but it failed to affect the staining of either
the granular layer or the scale keratin. In alcohol
fixed sections phospholipid was not removed from
any site.
Pyridine extraction of fresh tissue—Fresh
cryostat sections were placed in pyridine at 60° C.
for 18 hours, washed in distilled water, fixed in
formal-calcium, and examined for phospholipids.
After this extraction phospholipid was removed
from the granular layer of human and mouse-
tail eidermis, but no change could be detected in
psoriatic or mouse tail scale keratin.
Rupture of the Keratin Bonds
prior to Fixation
In a further series of experiments sections of
mouse tail epidermis and psoriatic keratin were
treated with reagents which rupture the disulfide
and hydrogen bonds of the keratin molecule. After
treatment they were fixed in formal-calcium and
stained for phospholipids.
PeTace tic acid—This chemical breaks the di-
sulfide bonds by causing their oxidation. Unfixed
cryostat sections were immersed in 10% peracetic
acid for 30 minutes at room temperature, and
then fixed in formal-calcium and stained for
phospholipids. This completely removed the phos-
pholipid staining in psoriatic scale, and also re-
duced the intensity of the staining in mouse tail
scale keratin.
Sodium hisulfite.—This reagent breaks di-
sulfide bonds by reducing them to sulfydryl.
Cryostat sections were placed in 0.1 M sodium
bisulfite buffered by barbitone to pH 7 for
18 hours at room temperature. This also completely
removed the phospholipid staining from psoriatic
keratin. It, however, failed to influence the stain-
ing of mouse tail scale keratin.
Urea—This acts on hydrogen bonds. Sections
were treated with 4 M urea buffered to pH 7
by barbitone buffer for 18 hours at room tempera-
ture. This again completely removed the phos-
pholipids from psoriatic keratin, but failed to
alter the staining of mouse tail scale keratin.
Rupture of the Kern tin Bonds prior to
Pyridine Extraction
Fresh cryostat sections of mouse tail and
psoriatic keratin were again treated with the
above reagents and subsequently extracted with
pyridine at 60° C. for 18 hours. The sections
were then fixed in formal-calcium and stained
for phospholipids. The effect of this combined
treatment was to remove the phospholipids from
both the psoriatic keratin and the mouse tail scale
keratiri. Thus oxidation or reduction of the di-
sulfide bonds, or the rupture of hydrogen bonds,
followed by pyridine extraction all resulted in
the loss of phospholipid from the keratin.
Enzymatic removal of phospholipids
Attempts were made to remove the phospho-
lipids in human and mouse skin by digestion with
enzymes. The following enzymes have been
studied: lipase, pseudocholinesterase, phospho-
lipase D (see Fig. 6) and trypsin.
Lipase digestion—Some time ago we demon-
strated that the lipids and granular material
of the transitional zone could be removed from
normal human epidermis by lipase digestion (16).
Later work on psoriatic epidermis, normal human
plantar skin, and mouse tail epidermis with alco-
hol fixed, paraffin-embedded sections showed that
the phospholipids were removed from all these tis-
sties. The sections were incubated in 0.01% lipase
in barbitone buffer at pH 8 for three minutes at
37° C. Control sections were incubated in the
buffer alone.
Phospholipase digestion—Un fixed sections were
incubated overnight at room temperature in 0.05%
phospholipase D obtained from cabbage (Sigma)
buffered to pH 5.6 with phosphate. Control sec-
tions were incubated in the buffer alone.
This enzyme failed to remove the phospholipids
from any of the tissues examined. These results
will be discussed later.
Cholinesterase digestion —Non-specific (pseudo)
cholinesterase digestion was attempted as an al-
ternative means to attack the phosphocholine
group. However, incubation in 0.1% solution of
rn
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this enzyme buffered to pH 7.4 failed to remove
phospholipids in any of the tissues examined.
Trypsin digestion—As we considered that the
phospholipid was probably in the form of a phos-
pholipoprotein, digestion of the protein portion
might free the lipids.
Unfixed cryostat sections of mouse tail and
human skin were incubated in 1O per cent
trypsin in barbitone buffer at pH 8 for 15 minutes.
Control sections were incubated in the buffer alone.
This treatment failed to remove the phospho-
lipid staining material.
The phospholipid can be removed from fresh
normal human skin by pyridine extraction, but
not from mouse tail epidermis. We, therefore,
extracted fresh mouse tail skin with pyridine
after tryptic digestion, but this combined technique
also failed to remove the phospholipids from this
material.
DISCUSSION ON THE NATURE OF THE
PHOSPHOLIPIDS
Alcohol fixation rendered phospholipids less
easily removable than formal-calcium fixation.
This suggests that the phospholipid is linked to
protein as alcohol precipitates protein and
would, therefore, render a phospholipid-protein
complex more insoluble than after formal-
calcium. The phospholipid of the granular layer
of fresh normal human skin is extractable by
pyridine but not after alcohol fixation, and this
is in agreement with the view that the phos-
pholipid in this region is liberated from struc-
tural lipoprotein.
The phospholipid in psoriatic keratin is less
strongly attached than the phospholipid of
mouse tail keratin. It would appear that the
phospholipid in these situations is associated
with the cross linkages of the keratin molecule,
as it is only after their rupture that the lipid
can be removed. In the case of tail scale
keratin it requires the additional extraction with
pyridine before all the phospholipid can be
removed. From the experiments reported above
it would appear that the lipids are associated
with both the hydrogen and the disulfide bonds.
The failure of tryptic digestion to remove or
render tail scale phospholipids extractable with
pyridine confirms our previous findings that
these substances are more closely bound to the
keratin material than in normal human keratin.
Phospholipase D and cholinesterase failed to
affect even the granular layer of normal human
skin, and from this it may be concluded that
the phospholipoprotein link is not associated
with the phosphocholine group.
The ability of lipase to remove all phospho-
lipids from all the material we have examined
suggests that the phospholipid is bound to
protein and keratin by way of the fatty acid
side chains of the molecule.
GRANULAR LAYER ENZYMES IN RELATION TO
THE REMOVAL OF PHOSPHOLIPID
As was mentioned in the introduction, phos-
pholipids are removed in the granular layer
during the formation of a normal or "flexible"
horny layer. It is thought that this material is
removed by the action of enzymes present in
the granular layer. As we have already said,
these must be capable of first bringing about
dissociation of phospholipoprotein followed by
degradation of the free phospholipid. It is
probable that the detection of phospholipid at
the transitional zone represents a dissociation
of structural lipoprotein prior to removal, but
no phospholipase has hitherto been demon-
strated in the granular layer.
Gomori (17) stated that positive results
could be obtained when lecithin was substituted
for fl-glycerophosphate in his alkaline phos-
phatase technic, and we have succeeded in
demonstrating an enzyme in the transitional
zone of human skin which is capable of using
this material as a substrate.
Alkaline Phosphatase in the
Granular Layer
Previous work failed to demonstrate the
presence of alkaline phosphatase in the granu-
lar layer of human epidermis (18, 3), except
in the presence of sulfhydryl inhibitors (2).
However, by using cryostat frozen sections
fixed in acetone at 0° C. for five minutes we
were able to detect alkaline phosphatase ac-
tivity by Gomori's method (17), and by a
modification of Davis and Ornstein's (19)
pararosaniline dye coupling technic (Figs. 2
and 3). Incubations using /3-glycerophosphate
as a substrate were carried out at the following
pH ranges: 7, 8.0—8.5, and 9.0—9.4. Intubations
with naphthyl phosphate were carried out at
pH ranges of 8.0—8.5 and 9.0—9.4. The results
obtained are shown in Table I, and it will be
seen that with both substrates the activity in
ti .  t
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the granular layer was much the greatest in
the range 8.0—8.5.
The alkaline phosphatase of the dermal blood
vessels and of the mouse liver in which the
cryostat material was embedded failed to show
any significant activity until the alkaline range
of 9.0—9.4 was reached.
Alkaline phosphatases in an artificially induced
granular layer—Sections of normal mouse tail
and mouse tail in which a granular layer had
been artificially induced in the scale epidermis
by the local application of vitamin A (20), (6)
were examined for phosphatases. The dye-
coupling technic was employed at pH 8.2 and
pH 9.4. Alkaline phosphatase activity was
detected at pH 8.2, but not at 9.4 in the induced
granular layer of the tail scale epidermis of the
vitamin-treated mouse and in the normal follic-
ular granular layer of both the normal and
the vitamin-treated mouse.
The blood vessels in the dermis of both ani-
mals were positive at pH 9.4, but not at pH
8.2 (Figs. 2 and 3).
Substitution of lecithin for glycerophosphate
in the alkaline phosphatase technic.—As pre-
viously mentioned, Gomori (17) demonstrated
that positive results could be obtained when
lecithin was substituted for glycerophosphate in
his technic for alkaline phosphatase. We there-
fore substituted a 3% emulsion of lecithin for
the 3.2% solution of glycerophosphate. The
results obtained with this substrate (Fig. 5)
are shown in Table I, and it will be seen that
there is a constant weak positive result in the
granular layer throughout the tested pH range,
whereas in the dermal blood vessels and in the
parenchyrnal cells of the embedding liver ac-
tivity is observed only above pH 9.0.
To eliminate the possibility that these posi-
tive results in the granular layer were due to a
breakthrough of acid phosphatase activity other
sections were incubated with lecithin at pH 5.0
by Gomori's acid phosphatase method. Positive
results were not obtained at this acid pH.
Phospholipa.se Activity
Lecithin has 4 ester linkages which are
classified as A, B, C, and D (see Fig. 6).
These are hydrolyzed by phospholipases (led-
thinases) which are classed as A, B, C, or D,
according to which linkage is attacked. The
Granular
Layer r'11 Substrate
Dermal Ves-
sels, Mouse
Liver
+
+
1 7.0
J
Lecithin (over-
night)
Glycerophosphate
(4hrs)
Lecithin
—
—
—
+++
+++ 8.2
Glycerophosphate
Naphthyl phos-
phate (5 mins)
—.
—
+ Lecithin +
+ j
J
Glycerophosphate
Naphthyl phos-
phate
+++
+++
Gomori method does not distinguish between
the products of reaction of the phospholipases
since it is the precipitated calcium which is
finally visualized. Thus calcium would be pres-
ent in the form of salts of the fatty acids (R1;
R2) (see Fig. 6) as the result of activity of
either phospholipase A, or B. It would be
present as calcilum phosphatidate or calcium
phosphorylcholine respectively when either
phospholipase C, or phospholipase D was the
active enzyme.
To decide which of these calcium salts was
responsible for the positive reaction when
lecithin was used as the substrate, attempts
were made to stain for the fatty acids which
should be released by phospholipase A or B.
For this purpose colloidal nile blue sulfate
and colloidal aniline blue (prepared according
to Takeuchi (21)), Oil Red 0 (22), and
Sudan black were used. The results in each
case were negative; and, therefore, there is no
direct evidence that the phospholipid is either
A or B.
Clostridium Antitoxin
Clostridium welchii anti-a-toxin was used in
an attempt to distinguish between phospho-
lipases C and D. The a-toxin of Cl. welchii con-
tains phospholipase C (23) so that the anti-a-
toxin will contain antibody to this enzyme.
Antitoxin in a strength of 2,000 units per ml of
pH Variation in
granular layer,
TABLE I
phosphatase activity in human
dermal blood vessels, and in
mouse liver
l  l ti   l  t il
316 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 2. Alkaline phosphatase pH 8.2 (barbiturate buffer) naphthyl phosphate technic. Granular layer
is positive; the dermal blood vessels are negative at this pH.
FIG. 3. Alkaline phosphatase pH 9.4 (barbiturate buffer) naphthyl phosphate technic. The granular
layer is negative; the blood vessels are positive. The liver in the upper portion of the field is also posi-
tive.
—
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FIG. 4. Acid phosphatase pH 5.5 (acetate buffer) naphthyl phosphate technic. There is a diffuse
positive reaction in the upper epidermis and the keratin. The distribution of activity at this pH is differ-
ent from that obtained at either pH 8 or pH 9.4 (see Figs. 2 and 3).
FIG. 5. Lecithin used as substrate in Gomori's alkaline phosphatase technic pH 9. The granular
layer and vessels are positive. The liver also gives a strongly positive reaction.
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(A) 0
1 D
,1CH2O
4,
CHO
(B)
(C) 0 (D)
1DI - I
Fio. 6. Structural formula of lecithin. R1 = unsat. fatty acid; R2 = sat. fatty acid. A, B, C, and D
are points of hydrolysis by corresponding phospholipases.
substrate was added to the incubating medium
containing lecithin. This failed to inhibit the
enzyme; thus no evidence was obtained that
it was phospholipase C.
Discussion of Results of the
Enzyme Study
In the tissues examined there is a close
correspondence of distribution and pH range
of the results obtained employing lecithin, glyc-
erophosphate, and naphthyl phosphate as sub-
strates (see Table 1). Nevertheless, it is clear
from the results that the enzyme responsible
for the activity detected in the transitional
zone, compared with the phosphatase found in
the blood vessels of the dermis and in the mouse
liver, has a pH optimum displaced towards
neutral (Figs. 2 and 3). This would favor the
hypothesis that the activity is due to a phos-
pholipase because these enzymes are generally
most active around pH 7.
There is a difference in the sites of enzyme
activity at different pH ranges. However, no
substrate preference can be demonstrated in any
site as all sites are capable of utilizing all three
substrates (Table 1), and this would indicate
that the results are not due to the separation of
isoenzymes.
Generally speaking, it may be stated that the
alkaline phosphatases demonstrated appear to
be non-specific with respect to the nature of the
alcoholic radical of the substrates they act
upon. Thus, the phosphate esters of glycerol
and naphthol are hydrolyzed alike, and the
ability of the enzyme to utilize lecithin as a
substrate is confirmed. The relatively weak
reaction when the latter is used as a substrate
in comparison with the other substrates may be
due to the relative insolubility of lecithin, a
factor which would lower the effective substrate
concentration.
The absence of any effect on enzyme activity
resulting from the addition of clostridium anti-
toxin to the incubating medium could be inter-
preted as indicating that the enzyme acting on
lecithin in this study was not phospholipase C.
However, since it is likely that the antigenic
character of the clostridial lecithinase is dif-
ferent from that of the human enzyme, a nega-
tive result does not entirely rule out lecithinase
C.
GENERAL DISCUSSION
It would appear from the experimental re-
sults reported above that the phospholipid pres-
ent in tail scale and psoriatic keratin is present
as a phospholipoprotein associated with the
hydrogen and disulfide bonds of the keratin
molecule. The phospholipids of the mouse scale
keratin are more tightly bound than those of
psoriatic keratin. It would also appear that the
binding of these lipids to protein is by way of
the fatty acid side chains of their molecules.
We consider that the chief function of the
alkaline phosphatase of the granular layer,
which is capable of utilizing lecithin as a sub-
strate, is probably the removal of the phos-
pholipids from the granular layer during normal
keratinization. Also it has been shown that in
scale and parakeratotic keratins, which are
formed without a granular zone, and in which
no alkaline phosphatase activity can be demon-
strated, phospholipids are bound to their keratin
molecules. It therefore seems reasonable that the
CH2O- -OCH2CH2N(Cll3)3
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transitional zone alkaline phosphatase par-
ticipates in the hydrolysis of the phospholipids
in this region.
The other possible function of this alkaline
phosphatase is that it may be related to the
deposition of mineral salts in keratin. In this
context the alkaline phosphatase would release
phosphate ions ii the region of the granular
layer which would then precipitate with the
calcium present in this site. However, the
calcium phosphate content of normal human
keratin is so low that this is most unlikely to
be the function of the alkaline phosphatase in
normal human epidermis. Nevertheless, this
does not exclude the possibility that such a
mechanism exists in other sites, or in other
animals. Thus, in the regions where hard,
heavily mineralized, keratins are produced such
as the nails, or the claws of animals, it is
plausible that this enzyme could be concerned
with the deposition of calcium salts. In order
to verify this hypothesis histochemical and
enzymatic studies of these specialized sites are
required.
SUMMARY
1. The distribution and binding of epidermal
phospholipid has been investigated.
2. It has been shown that the alkaline phos-
phatase of the granular layer in normal human
skin has a pH optimum different from that of
alkaline phosphatase in dermal blood vessels
and normal mouse liver.
3. It is considered that the enzyme is a non-
specific phosphatase capable of hydrolyzing a
number of substrates, including phospholipids.
4. It is postulated that the major function of
this enzyme is the hydrolysis of phospholipids
in epidermal cells during keratinization.
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